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Abstract; Silicon has been a pivotal material for the next generation lithium-ion batteries, owing to its
superior theoretical capacity (4200 mAh « g '). However, the huge volume change of silicon during
the process of lithiation/delithiation will lead to the instability of silicon-based anode. As a main
composition of electrode, the binder plays a critical role in connecting the electrode components
together and maintaining the stability of electrode, the use of an appropriate binder is essential to
improve the cycling stability of silicon-based anode. Water-soluble binders which have abundant
functional groups have received extensive attention due to their excellent performance in improving the
electrochemical performance of silicon-based anodes. In this paper, the research progress of water-
soluble binders used in silicon-based anode was reviewed. First, the properties of one-dimensional
linear binders were summarized. On this basis, the research progress of composite binders with three-
dimensional (3D) network structure was mainly introduced. The structure and properties of different
3D network binders were systematically analyzed. Finally, the preferred structure and properties of
the water-soluble binders for silicon-based anode were proposed, and a train of thought for water-
soluble binders’ choice and design was provided.
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Fig.1 CMC binder'?®)  (a)schematic illustration of hydrogen bond between Si particle and CMC;

(b) proposed working mechanism of CMC binder in Si anodes during the process of lithiation/delithiation
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Table 1 Functional groups and performance of different linear binders

Initial specific capacity/

Capacity retention

Binder Functional group Active material Reference
(mAh+g™ 1) ratio/cycle number

CMC —OH,—COONa SiNPs 4000 25%/100th [18]

PAA —COOH SiNPs 3500 57% /100th [22]

Alg —OH,—COONa SiNPs 2000 85% /100th [31]

C-CS —OH,—COOH,—NH, SiNPs 1990 48% /50th [33]

GG —OH SiNPs 3364 662 /100th [34]
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Table 2 Comparison of characteristics and performance of different binders
Initial specific capacity/ Capacity retention
Characteristic Binder Active material Reference
(mAhe+g 1) ratio/cycle number

In situ covalent c-PAA-CMC SiNPs 3063 70%/100th [38]

crosslinking PAA-PVA SiNPs 3616 63% /100th [39]

PAA-BP Si/C 1600 75%/100th [44]

CS-GA SiNPs 2709 71%/100th [45]

Noncovalent/dynamic PAA-PEGPBI SiNPs 2000 61% /50th [47]

crosslinking Alg-C-CS Si/Gr@C 752 61%/160th [48]

Ca?t -Alg Si/C 2214 82%/120th [49]

APt -Alg SiNPs 3462 62%/300th [50]

3-CDp-6AD SiNPs 1600 90%/150th [52]

PAA-UPy SiNPs 4194 62.9%/110th [53]

High tenacity CS-ENR SiNPs 3500 67% /500th [55]

3D structure PFA-PVA SiNPs 1.9(mAh * cm™2) 73.7%/300th [56]

cPAM SiNPs 3160 90%/100th [57]

PR-PAA SiMPs 2.68(mAh + cm™2) 85%/370th [58]

Py-c-SiO, 2.54(mAh ¢ em—?) 92.6%/250th [59]
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Fig. 7 Working mechanism of high-performance 3D network
binder in silicon-based anode
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